As with much of Southwestern New England, these forests were cleared for charcoal production between 1800-95 1890 and largely abandoned around 1890-1930. This legacy of intense anthropogenic disturbance shaped the 96 oak-beech coppice stands that continue to characterize the landscape (Egler 1940; Winer 1955) . 97
The December 11, 2008 ice storm caused extensive damage through a large section of Southern New 98
England (Abel and Ellement 2008). Damage from the storm at both forests was largely constrained to east and 99 southeast facing slopes and concentrated at an elevation of approximately 460 m. Surveyed sites were located at 00 the southern extent of the storm, and damage in the study areas was generally less severe than in areas 40 km to 01 the north and 65 km to the east. 02
Winer (1955) provides a detailed discussion of the Great Mountain Forest's soils, climate, and forest 03 type that is largely applicable to the Liberman Forest. The Great Mountain forest plots are on Westminster-04
Millsite-Rock outcrop complex soils while, the Liberman Forest plots are on stony Lyman-Tunbridge and 05
Berkshire-Marlow soils (NRDC 2007). Surveyed stands vary in age from 70-120 years, and contain a mixture 06 of hardwoods with a dominant red oak (Quercus rubra L.) canopy, numerous under-and mid-story beech 07 stems, and minor elements of eastern hemlock (Tsuga canadensis (L.) Carr.) and white pine (Pinus strobus L.) 08 (Fig. 2) . Beech bark disease in a moderate-to-severe infestation was present in all stands, along with an 09 abundance of sprout origin beech saplings. 10 D r a f t height, bole height, and canopy projection for all stems ≥5 cm at DBH (1.3 m). For these large stems we 20 followed Rhoads et al. (2002) and assigned a level of ice storm damage with 0=no damage, 1= 0-20% damage, 21 2= 20-40% damage, 3=40-60% damage, 4= 60-80% damage and 5= 80-100% of crown or bole damage. We 22 recorded species, total canopy height, bole length, and damage class for all stems <5 cm. Heights were 23 measured to an accuracy of +/-2m with the use of an Opti-Logic 'Insight' laser hypsometer. Following Gregoire 24
and Valentine (1995), we estimated crown projection by measuring from each stem to the edge of the live 25 crown on a random azimuth. Canopy height, bole length, and crown projection were used to estimate live crown 26
ratio. 27
In addition for each of the 38 sample plots, two 30 m line transects were established at right angles 28 originating from each plot center. We measured all pieces of downed wood with a base diameter ≥3 cm 29 intersecting each transect and recorded species, and temporal provenance (newly downed vs. historical). For the 30 purpose of estimating abundance, the perpendicular length of each piece was also recorded. 31
32

Data Analysis 33
Patterns in ice storm damage are driven by both topography and aspect (Rhoads et al. 2002) , making 34 locating unaffected controls in similar topographic position, aspect, and correspondingly species composition 35 difficult. In addition, the efficacy of using ocular estimates of percent damage to individual trees is questionable 36 (Innes 1993; Van Dyke 1999). To account for the inherent variability in damage with changes in site and for the 37 subjective nature of damage estimations we used two techniques (Fig. 3) . In the first we quantified the damage 38 to individuals by recording the presence of broken and hanging branches and by estimating reductions in live 39 crown ratio and canopy projection. In addition to the individual tree assessments, we recorded whether downedD r a f t 7 woody debris was fresh (i.e. from this ice storm), or from prior events. Differences between debris that 41 originated from the December 2008 ice storm (material that was less than a year old), and material that had 42 fallen in prior years from storms was easily distinguishable. We then estimated the total amount of downed 43 woody material to assess relative damage between species. Cross-sectional branch area is a strong indicator of 44 In addition to being a more robust method of damage estimation, the comparison of legacy and recent woody 48 debris has the added benefit of providing baseline, post hoc, control and eliminating the known conflation of 49 site factors in control comparisons. 50
Following Gregoire and Valentine (1995) the canopy projection of each tree was estimated using a 51 single radius measured from the bole of each tree at a random azimuth. Cross-sectional area of woody debris 52 was estimated for each species using data from the line intersect sampling transects, and formulae adapted from 53 Attempts to quantify differential damage among species by measuring reductions in live crown ratio and 73 canopy projections showed no significant differences between impacted and control stands. Ocular estimates of 74 canopy damage were not correlated with the cross-sectional area of downed woody debris (CSAWD) (r=0.19, 75 p=0.12) (Fig 4) . The number of stems per hectare was not well correlated with newly downed debris (r=-0.02, 76 p=0.86). Tree height was correlated with newly downed debris, though the relationship was only marginally 77 significant (r=.23, p=.07). In contrast, the estimated cross-sectional area of newly downed woody debris showed 78 D r a f t well (3.70 ± 0.79 m 2 ha -1 , mean ± SE); however, the proportion of oak in the historic CSAWD was less than in 90 newly fallen material (20% vs. 57%). Beech was a larger component of the historical CSAWD but not 91 significantly so (p>0.9). While white ash was only a minor component of ice debris, it was a far more prominent 92 component of the historical CSAWD comprising just over 20%. Black Cherry was also a relatively large 93 component (14%) of the historical CSAWD. Taken together, paper birch (Betula papyrifera Marsh), white oak 94 (Quercus alba L.), and relic American chestnut (Castenea dentata Marsh) accounted for just 8% of historical 95 CSAWD (Table 1) . Though still significant, the relationship between historic debris pool and basal area (r= 96 0.39, p<.001) was less compelling than the same relationship in the ice-related pool. Stem density was not 97 correlated with the historic CSAWD (r=0.12, p=0.34). contributor to new CSAWD in control stands was white pine, though the amount was still less than found in 02 damaged stands. There was also less historical CSAWD present in undamaged stands (mean difference=1.24 03 m 2 ha -1 p<.001). Understory species contributed 33% of the historical CSAWD in undamaged stands with beech, 04 red oak, and white pine comprising approximately another third. In contrast to ice damaged stands, standing 05 basal area in control stands was poorly correlated with both new (r=-0.05, p=0.7311) and historical (r=0.09, 06 p=0.58) CSAWD; the number of stems was also uncorrelated (r=-0.10, p=0.50) with the CSAWD. 07
08
Discussion 09
There were clear patterns in the damage among species in these mixed-species stratified forests in 10 southern New England. In general, canopy species were more heavily damaged. Oak species-and where 11 present, black cherry and white pine-was more severely impacted than later successional, and lower strataD r a f t counterparts, particularly beech and hemlock. These patterns relate to relative basal area and current canopy 13 position. 14 Estimated canopy projections and measured tree heights between trees in damaged and control stands 15 did not differ. Even when damage was readily apparent, remaining branches made objectively quantifying 16 canopy reduction based on comparisons of height and canopy projection extremely challenging (Fig. 3) . While 17 this may be possible with much larger datasets in stands with more severe damage, for finer-scale 18 measurements, its practicality is questionable. Similarly, the lack of stand level correlation between subjective 19 ocular estimates of damage and estimates of the CSAWD suggest that ocular estimation does not produce a 20 reliable measure of storm damage. factors driving susceptibility to ice damage. This is in contrast to studies suggesting that tolerance or 25 susceptibility could be categorized by species. The general lack of consistency in species-specific ratings of 26 susceptibility calls into question their usefulness. For example, Van Dyke (1999) notes various studies rating 27 beech, oak, hemlock and sugar maple (Acer sacharumm. Marsh) as being of either low, intermediate, or high 28 susceptibility to damage from ice load. Given these inconsistencies, and the data presented here, it appears 29 likely that stratification pattern at given successional stage plays a larger role in determining differential damage 30 than does species-specific tolerances to ice loading. 31
The exceptions to the general trend correlating relative basal area and proportion of the ice debris pool 32 were the relatively high contribution of white pine and the relatively low contribution of red maple. While not 33 statistically significant here, the observed discrepancy is consistent with ice functioning as a canopy level 34 disturbance with white pine in the emergent strata and red maple in the middle strata (Liptzin and Ashton 1999; 
